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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a copper alloy combining excellent mechanical properties, conductivity, stress 
relaxation characteristics and bending workability. 

SOLUTION: This copper alloy is the one having a compsn. contg., as essential components, by weight, 1.0 to 3.5% Ni. 0.2 to 
0.9% Si. 0.01 to 0.20% Mg and 0.05 to 1.5% Sn. in which each content of S and O is limited to <0.005%, and the balance Cu with 
inevitable impurities, and the grain size thereof is regulated to >1 to 25 fim. Thus, this is suitable for terminals, connector 
materials and switch materials. Furthermore, as for the method for producing it, after cold working, recrystallization treatment 
is executed at 700 to 920* C. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[C!aim(s)] 

[Claim 1] The copper alloy for conductive springs which Mg is restricted 0.01 - 0.20wt% 0.2 - 0.9wt%, a 0.05-1.5wt% implication, 
S, and O content are restricted for Sn to less than [ 0.005wt% 1 respectively, nickel is consisted of the remainder Cu and an 
unescapable impurity in 1.0 - 3.5wt% and Si, and the grain size number exceeds 1 micrometer, and is characterized by being 25 
micrometers or less as a principal component. 

[Claim 2] The copper alloy for conductive springs which Sn is restricted 0.05 - 1.5wt% 0.01 - 0.20wt%. a 0.2~1.5wt% implication, 
S, and O content are restricted for Zn to less than [ 0.005wt% ]. respectively, 1.0 — 3.5wt% and Si are consisted of the remainder 
Cu and an unescapable impurity in 0.2 - 0.9wt% and Mg, and the grain size number exceeds 1 micrometer, and is characterized 
for nickel by being 25 micrometers or less as a principal component. 

[Claim 3] a copper alloy according to claim 1 or 2 — further — 0.005-0.3wt%Ag and 0.01-0.5wt%Mn — it chooses from 0.005 - 
0.2wt% Fe, Cr, 0.05-2.0wt%Co, and 0.005-0. 1wt%P. respectively — having — one sort or two sorts or more — a total amount — 
0.005wt(s)% - 2 0wt% — the copper alloy for conductive springs characterized by containing 

[Claim 4] a copper alloy according to claim 1 or 2 — further — one sort of 0.005-0.1 wt%Pb and 0.005 - 0.03wtBi. or two sorts - 

- a total amount — 0.005 - 0.13wt% — the copper alloy for conductive springs characterized by containing 

[Claim 5] To a pan at a copper alloy according to claim 1 or 2 0.005-0. 3 wt%Ag, It Fe(s). 0.01-0.5wt%Mn — respectively — 0.005 

- 0.2wt% — It is chosen from Cr, 0.05-2.0wt%Co, and 0.005-0.1 wt%P. One sort or two sorts or more, and one sort of 0.005- 
0.1wt%Pb and 0.005 - 0.03wtBi, or two sorts — a total amount — 0.005wt(s)% - 2.0wt% — the copper alloy for conductive 
springs characterized by containing 

[Claim 6] The copper alloy for conductive springs according to claim 1 to 5 characterized by being what used for a terminal, 
connector material, or switch material. 

[Claim 7] The manufacture method of the copper alloy for conductive springs according to claim 1 to 6 characterized by 
performing recrystallization processing at 700-920 degrees C after cold working. 

[Claim 8] The manufacture method of the copper alloy for conductive springs according to claim 1 to 6 characterized by 
performing an aging treatment at 420-550 degrees C after performing recrystallization processing at 700-920 degrees C after 
cold working. 

[Claim 9] The manufacture method of the copper alloy for conductive springs according to claim 1 to 6 characterized by 
performing an aging treatment at 420-550 degrees C after performing recrystallization processing at 700-920 degrees C after 
cold working and performing 25 more% or less of cold working. 

[Claim 10] The manufacture method of the copper alloy for conductive springs according to claim 1 to 6 characterized by 
performing 25 more% or less of cold working, and low temperature annealing after performing recrystallization processing at 700- 
920 degrees C after cold working and performing 25% or less of cold working, and a 420-550-degree C aging treatment next. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** s h ows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the copper alloy for conductive springs 
suitable for a terminal and connector material, switch material, etc., and its manufacture method about the copper alloy for 
conductive springs, and its manufacture method. 
[0002] 

[Description of the Prior Art] A copper alloy is conventionally used as a terminal and a charge of connector material, and many 
Cu-Zn system alloys. Cu-Fe system alloys excellent in thermal resistance, and Cu-Sn system alloys are used. Although many 
cheap Cu-Zn system alloys are especially used for the use of an automobile etc., it is the present condition that it is becoming 
impossible, as for the terminal for automobiles in recent years and a connector, for a Cu-Fe system alloy and an Cu-Sn system 
alloy to also correspond of course with a Cu-Zn system alloy since a miniaturization inclination is remarkable and it is exposed 
to the harsh environments in an engine room etc. in many cases. 

[0003] Thus, the property for which a terminal and the charge of connector material are asked is also becoming severer with 
change of the environment currently used. Although a stress relaxation characteristic, a mechanical strength, thermal 
conductivity, bending nature, thermal resistance, the connection reliability of Sn plating, the migration property, etc. are variably 
crossed to the copper alloy used for such a use. it is a property with especially important a mechanical strength, a stress 
relaxation characteristic, the conductivity of heat and the electrical and electric equipment, and bending nature. 
[0004] As a copper system material which fills such severe demand characteristics, the Cu-nickel-Si system alloy attracts 
attention, for example. JP.61- 127842 A is known. However, it has lapsed into the state where such an Cu-nickel-Si system alloy 
cannot bear use, either. Specifically, when the tab width of face of the male terminal inserted in the miniaturization of parts, for 
example, a common core-box terminal, is miniaturized from 090 terminals which are about 2mm to 040 terminals which are 
about 1mm. the width of face of the spring section is about 1mm, and if parts are miniaturized in this way, it is difficult to obtain 
sufficient connection resilience. Moreover, although many devices are made by the structure of a terminal in order to secure 
the connection resilience in the spring section in relation to a miniaturization consequently, it is severer, and in conventional 
Cu-nickel-Si. the bending nature required of material is also bent and a crack produces it in many cases in the section. The 
same is said of a stress relaxation characteristic, and prolonged use is an impossible situation with the conventional Cu-nrckel- 
Si system alloy by the increase of stress by which a load is carried out to material, and elevated-temp erature-ization of an 
operating environment. 

[0005] In order to improve a stress relaxation characteristic under such a situation, addition of Mg is effective, for example, the 
effectiveness of Mg is shown in JP.61-250134A JP,5-59468A etc. However, although a stress relaxation characteristic 
improves by Mg addition, the improvement of bending nature is indispensable for bending nature to deteriorate, to be unable to 
bear 180~degree adhesion bending, and to use it for an automobile connector etc. Moreover, although examination for improving 
bending nature was also carried out, since this was a strong low material, it was that from which a desired property is not 
acquired. Furthermore, if the conductivity of heat and the electrical and electric equipment is bad. in order that a stress 
relaxation characteristic may promote stress relaxation by self generation of heat as it is good, the balance of conductivity and 
a stress relaxation characteristic is important. 
[0006] 

[Problem(s) to be Solved by the Invention] Although the copper system material which examines bending nature, a stress 
relaxation characteristic, etc. and fills severe demand characteristics is proposed as mentioned above, this invention is a copper 
alloy which combines the outstanding mechanical property, conductivity, a stress relaxation characteristic, and bending nature, 
and offers the suitable copper alloy for a terminal and a connector. 
[0007] 

[Means for Solving the Problem] It is the copper alloy for conductive springs which this invention solves the above-mentioned 
technical problem, and Mg is restricted 0.01 - 0.20wt% 0.2 - 0.9wt%. a 0.05-1. 5wt% implication. S, and O content are restricted 
for Sn to less than [ 0.005wt% ]. respectively, nickel is consisted of the remainder Cu and an unescapable impurity in 1.0 - 
3.5wt% and Si. and the grain size number exceeds 1 micrometer, and is characterized by being 25 micrometers or less as a 
principal component. Moreover, in the above-mentioned composition, it is the range which does not have a bad influence on the 
property of this invention, and even if it adds other alloying elements, for example, less than 0.2% of Zn, it does not interfere. 
Moreover, this invention is a copper alloy for conductive springs which Sn is restricted 0.05 - 1 .5wt% 0.01 - 0.20wt%, a 0.2- 
1.5wt% implication, S. and O content are restricted for Zn to less than [ 0.005wt% ]. respectively, 1.0 - 3.5wt% and Si are 
consisted of the remainder Cu and an unescapable impurity in 0.2 - 0.9wt% and Mg, and the grain size number exceeds 1 
micrometer, and is characterized for nickel by being 25 micrometers or less as a principal component 

[0008] moreover, this invention is further chosen as the above-mentioned copper alloy from Ag. Mn. Fe. Cr, Co. and P — having 
— one sort or two sorts or more — a total amount — 0.005wt(s)% - 2.0wt% — it is the copper alloy characterized by containing 
For nickel Si 1.0 - 3.5wt% as a principal component specifically 0.2 - 0.9wt%, For Mg Sn 0.01 - 0.20wt% A 0.05-1.5wt% 
implication. Further 0.005-0.3wt%Ag, 0.01-0.5wt%Mn, Respectively 0.005 - 0.2wt% Fe. Cr, 0.05-2.0wt%Co. It is chosen from 
0.005-0.1 wt%P. one sort or two sorts or more in a total amount A 0.005wt%-2.0wt% implication. It is the copper alloy for 
conductive springs which S and O content are restricted to Jess than [ 0.005wt% ]. respectively, it consists of the remainder Cu 
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and an unescapable impurity, and the grain size number exceeds 1 micrometer and is characterized by being 25 micrometers or 
less. For nickel Si 1.0 - 3.5wt% as a principal component Moreover, 0.2 - 0.9wt%, For Mg Sn 0.01 - 0.20wt% 0.05 - 1.5wt%, Zn to 
a 0.2-1.5wt% implication and a pan 0.005~0.3wt%Ag. It Fe(s). 0.01-0.5wt%Mn — respectively — 0.005 - 0.2wt% — It is chosen 
from Cr, 0.05-2.0wt%Co, and 0.005-0.1 wt%P. one sort or two sorts or more in a total amount A 0.005wt%-2.0wt% implication. It is 
the copper alloy for conductive springs which S and O content are restricted to less than [ 0.005wt% J. respectively, it consists 
of the remainder Cu and an unescapable impurity, and the grain size number exceeds 1 micrometer, and is characterized by 
being 25 micrometers or less. 

[0009] moreover, the copper alloy of the above [ this invention ] — further — one sort of Pb and Bi. or two sorts — a total 
amount — 0.005 - 0.13wt% — it is the copper alloy characterized by containing For nickel Si 1.0 - 3.5wt% as a principal 
component specifically 0.2 - 0.9 wt%. For Mg Sn 0.01 - 020wt% A O05-1.5wt% implication. One sort of further 0.005-0.1 wt%Pb 
and 0.005 - 0.03wtBi, or two sorts in a total amount A O.005-O.13wt% implication. It is the copper alloy for conductive springs 
which S and O content are restricted to less than [ 0.005wt% ], respectively, it consists of the remainder Cu and an 
unescapable impurity, and the grain size number exceeds 1 micrometer, and is characterized by being 25 micrometers or less. 
For nickel Si 1.0 - 3.5wt% as a principal component Moreover, 0.2 - 0.9wt%, For Mg Sn 0.01 - 0.20wt% 0.05 - 1.5wt%, Zn to a 0.2- 
1.5wt% implication and a pan 0.005-0.1 wt%Pb, One sort of 0.005 - 0.03wtBi, or two sorts in a total amount A 0.005-0.1 3wt% 
implication. It is the copper alloy for conductive springs which S and O content are restricted to less than [ 0.005wt% ]. 
respectively, it consists of the remainder Cu and an unescapable impurity, and the grain size number exceeds 1 micrometer, and 
is characterized by being 25 micrometers or less. 

[0010] moreover, it is further chosen as the above-mentioned copper alloy from Ag, Mn. Fe, Cr, Co. and P — having — one sort 
or two sorts or more and one sort of Pb and Bi, or two sorts — a total amount — 0.005wt(s)% - 2.0wt% — it is the copper alloy 
characterized by containing For nickel Si 1.0 - 3.5wt% as a principal component specifically 0.2 - 0.9wt%. For Mg Sn 0.01 - 
0.20wt% A 0.05-1.5wt% implication. Further 0.005-0.3wt%Ag. 0.01-0.5wt%Mn, Respectively 0.005 - 0.2wt% Fe, Cr, 0.05-2.0wt%Co. 
It is chosen from 0.005-0.1 wt%P. One sort or two sorts or more, and 0.005-0.1 wt%Pb, One sort of 0.005 - 0.03wtBi, or two sorts 
in a total amount A 0.005wt%-2.0wt% implication, It is the copper alloy for conductive springs which S and O content are 
restricted to less than [ 0.005wt% ]. respectively, it consists of the remainder Cu and an unescapable impurity, and the grain 
size number exceeds 1 micrometer, and is characterized by being 25 micrometers or less. For nickel Si 1.0 - 3.5wt% as a 
principal component Moreover. 0.2 - 0.9wt%, For Mg Sn 0.01 - 0.20wt% 0.05 - 1.5wt%, Zn to a 0.2-1.5wt% implication and a pan 
0.005-0.3wt%Ag. It Fe(s). 0.01-0.5wt%Mn — respectively — 0.005 - 0.2wt% — It is chosen from Cr, 0.05-2 0wt%Co, and 0.005- 
0.1wt%P. One sort or two sorts or more, One sort of 0.005-0.1 wt%Pb and 0.005 - 0.03wtBi, or two sorts in a total amount And a 
0.005 wt%- 2.0 wt% implication. It is the copper alloy for conductive springs which S and O content are restricted to less than 
[ 0.005wt% ]. respectively, it consists of the remainder Cu and an unescapable impurity, and the grain size number exceeds 1 
micrometer, and is characterized by being 25 micrometers or less. 

[0011] Moreover, the above-mentioned copper alloy of this invention is characterized by being what is used for a terminal, 
connector material, or switch material. Moreover, this invention is the manufacture method of the copper alloy for conductive 
springs characterized by performing recrystallization processing at 700-920 degrees C after cold working. Moreover, after 
[ which is the manufacture method of the copper alloy for conductive springs characterized by performing an aging treatment at 
420-550 degrees C ] performing recrystallization processing at 700-920 degrees C after cold working, performing 
recrystallization processing at 700-920 degrees C after cold working and performing 25 more% or less of cold working again, it is 
the manufacture method of the copper alloy for conductive springs characterized by performing an aging treatment at 420-550 
degrees C. Furthermore, after performing recrystallization processing at 700-920 degrees C after cold working and performing 
25% or less of cold working, and a 420-550-degree C aging treatment next, it is the manufacture method of 25 more% or less of 
cold working, and the copper alloy for conductive springs characterized by performing low temperature annealing. 
[0012] 

[Function] The copper alloy of this invention makes it the main point to carry out the amount addition of specification of Sn. Mg, 
and the Zn, and to restrict S and O content to the copper alloy which the compound of nickel and Si is deposited in Cu matrix, 
and has a suitable mechanical strength, and heat and electric conductivity, and to exceed 1 micrometer for a grain size number 
to it, and to improve a stress relaxation characteristic and bending nature as 25 micrometers or less. This invention persons 
find out that the material which has the property which was excellent as the copper alloy for conductive springs which has the 
property which was excellent in specifying the content of this copper alloy component in detail practical especially a terminal, 
and an object for connectors can be made to realize, and, as a result, get the copper alloy of this invention. 
[0013] The reason for component limitation of the copper alloy of this invention is explained below. If Cu is made to contain 
nickel and Si, an nickel-Si compound will be made, this is deposited in Cu, and intensity and conductivity are raised. There are 
few amounts of deposits and target intensity [ be / less than / 1 0wt% / the amount of nickel ] is not obtained. Conversely, 
when the amount of nickel exceeds 3.5wt(s)%. it will have a bad influence also on about [ that the intensity which casting and 
the deposit which does not contribute to an on -the -strength rise at the time of hot working arise and balances a content 
cannot be obtained ], hot-working nature, and bending nature. Since the amount of Si is considered that the compound of nickel 
and Si which deposits is a nicke!2Si phase, if the amount of nickel is determined, optimal Si content will be decided. Sufficient 
intensity cannot be obtained like the time with few amounts of nickel as the amount of Si is less than [ 0.2wt% ]. Conversely, 
when Si content exceeds 0.9wt(s)%, the same problem as the case where there are many amounts of nickel arises. Preferably, it 
is desirable to adjust nickel and to adjust Si to 0.4 - 0.7wt% 1.7 - 2.8wt%. 

[0014] Mg and Sn are important alloying elements which constitute the copper alloy of this invention. There are these elements 
with regards to mutual, and they have realized good property balance. Next, the reason for limitation of these elements is 
explained. Although Mg improves a stress relaxation characteristic sharply, it has a bad influence on bending nature. From a 
viewpoint of a stress relaxation characteristic, many contents are so good that there are at more than 0.01 wt%. Conversely, if a 
content exceeds 0.20wt(s)% from a viewpoint of bending nature, it is difficult to obtain good bending nature. From such a 
viewpoint, the content range of Mg shows good balance in 0.01 - 0.20wt%. The more desirable content range of Mg is 0.01 - 
0.1 wt% from a viewpoint of bending nature. 

[0015] Furthermore, it found out that a stress relaxation characteristic was more improvable, maintaining good bending nature 
by adding Sn. Although Sn has the improvement effect of a stress relaxation characteristic and the effect is not so large as Mg, 
it is with regards to Mg and mutual, and good property balance is shown. If Sn is contained exceeding 1.5wt(s)%, the conductivity 
of heat and the electrical and electric equipment will deteriorate, and a problem will be caused practically. Although Sn content 
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also has balance with the amount of Mg. 0-05 - 1 .5wt% shows good property balance. Specifically, when Mg is 0.01 - 0.05wt%, 0.8 

- 1.5wt% of Sn is desirable, and when the amount of Mg is 0.05 - 0.1 wt%, 0.05 - 0.8wt% of Sn is desirable. 

[0016] Bending nature is improvable although Zn does not contribute to a stress relaxation characteristic. Zn — 0.2 - 1.5wt% — 
desirable — 0.3 - 1.0wt% — by containing, even if it makes Mg contain to a maximum of 0.20 wt(s)%, it is satisfactory practically 
the bending nature of level can be attained moreover, the operation which Zn has the effect of improving the heat-resistant 
detachability of Sn plating or pewter plating, and a migration property, and improves punching processability — having — a 
practical viewpoint to Zn — 0.2wt(s)% — desirable — more than 0.3wt% — it is desirable to make it contain Although hot- 
working nature will be checked if Pb and Bi are added so much as an element which improves punching processability, although 
there are Pb and Bi, since Zn can improve punching processability, without having a bad influence on manufacturability, it is an 
effective alloying element, the upper limit — the conductivity of heat and the electrical and electric equipment — taking into 
consideration — 1.5wt% — it is 1.0wt(s)% preferably In addition, it is shown that it is in the better inclination at **** with Mg 
also from this example. 

[0017] As mentioned above, although the reason which limited the addition range of Mg, Sn. and Zn was explained in full detail, it 
is limited within the limits of these elements, and considering as the maximum content, respectively is not desirable. The range 
of a content with the practically best balance is Zn:0.3 - 0.8wt% Sn:0.2 - 05wt% Mgtf.05 - 0.15wt%. 

[0018] Next, the reason which limited the range of the content of Ag, Mn. Fe. Cr, Co, and P is explained, in that processability is 
improved, Ag. Mn. Fe, Cr, Co, and P have the analogous function, and choose it from Ag, Mn, Fe. Cr. Co, and P — having — one 
sort or two sorts or more — 0.005wt(s)% - 2.0wt% — it is made to contain 

[0019] While Ag raises thermal resistance and raises intensity, it can prevent big and rough-ization of crystal grain, and can 
improve bending nature. Although adding the third various element was the place tried conventionally in order to raise the 
intensity of an Cu-nickehSi system alloy, they were those in which conductivity is lowered sharply, or a bending moldability 
deteriorates, and the property which is not desirable as a use for electronic equipment appears, this invention finds out that Ag 
is effective, as a result of repeating examination of the element which improves intensity and does not have a bad influence on 
other properties, a content is less than [ 0.005wt% ] — the effect — not appearing — reverse — 0.3wt(s)% — since it exceeds, 
and no bad influence on a property will serve as cost quantity although there is if contained, the optimal content of Ag is 0.005 

- 0.3wt%, and is 0.005 - 0.1 wt% more preferably 

[0020] Mn is effective in improving hot-working nature at the same time it raises intensity, and the effect corresponding to the 
content is not not only acquired, but [ even if the effect is small in it being less than / 0.01 wt% / and being contained exceeding 
0.5 wt%. ] it degrades conductivity. Therefore, the optimal content range of Mn is 0.01 - 0.5wt%, and is 0.03 - 0.3wt% more 
preferably. 

[0021] Fe and Cr combine with Si, form an Fe-Si compound and an Cr-Si compound, and raise intensity. Moreover, the trap of 
the Si which remains in a copper matrix, without forming a compound with nickel is carried out, and it is effective in improving 
conductivity. Since an Fe~Si compound and an Cr~Si compound have low precipitation-hardening ability, it is not a best policy 
to make many compounds generate. Moreover, if contained exceeding 0.2wt%, bending nature will deteriorate. The addition in the 
case of containing Fe and Cr from these viewpoints is 0.005 - 0.2wt%, and is 0.005 - 0.1 wt% more preferably. 
[0022] Co forms Si and a compound like nickel and raises a mechanical strength. Since it is expensive, although it compared Co 
with nickel, and it uses the Cu~nickel-Si system alloy in this invention, as long as it is allowed in cost, it may choose an Cu-Co- 
Si system and an Cu-nickel-Co-Si system. When an Cu-Co-Si system carries out an aging deposit, a mechanical strength and 
conductivity become good slightly from an Cu-nickel-Si system. Therefore, it is effective in the member ******( e d) in the 
conductivity of heat and the electrical and electric equipment. Moreover, since it is slightly high, as for an Co- Si compound, a 
stress relaxation characteristic also tends to be improved for precipitation-hardening ability a littJe. The optimal addition in the 
case of adding Co from these viewpoints is 0.05 - 2.0wt%. 

[0023] P has the effect of improving conductivity at the same time it raises intensity. A lot of content promotes a grain^ 
boundary deposit, and reduces bending nature. Therefore, the optimal content range in the case of adding P is 0.005 - 0.1 wt%, 
and is 0.005 - 0.05wt% more preferably. Although what is necessary is just to have determined suitably according to the 
property searched for when two or more sorts of these were added simultaneously, it could be 0.005 - 2.0wt% in the total 
amount from viewpoints, such as thermal resistance, Sn plating, pewter plating heatproof detachability, and conductivity. 
[0024] Next, the reason which limited the range of the content of Pb and Bi is explained, that to which Pb and Bi improve 
punching processability — it is — one sort of Pb and Bi, or two sorts — 0.005 - 0.13wt% — it contains Pb is an alloying 
element which improves punching processability. The charge of terminal material is asked for the more excellent processability 
with press improvement in the speed in recent years. It distributes in a copper matrix, and since Pb becomes the origin of 
destruction, it improves punching processability. When there is no property improvement effect that the amount of Pb(s) is less 
than [ 0.005wt% ] and it adds exceeding 0.1 wt%, in order to also degrade bending nature, 0.005 - 0.1 wt% is the optimal and it not 
only reduces hot-working nature, but it is 0.005 - 0.05wt% more preferably. It is the alloying element which also pierces Bi and 
improves processability. 0. If the property improvement effect is small in it being less than [ 005wt% ] and it adds exceeding 
0.03wt%, the same property fall as Pb will be caused. Therefore, the optimal content range of Bi is 0.005 - 0.03wt%. and is 0.005 

- 0.02wt% more preferably. 

[0025], Although what is necessary is just to have determined suitably according to the property which is chosen from these 
[ Ag. Mn. Fe. Cr. Co. and P ]. and is searched for one sort or two sorts or more and one sort of Pb and Bi, or when it contains 
two sorts simultaneously, it could be 0.005 - 2.0wt% in the total amount from viewpoints, such as thermal resistance, Sn plating, 
pewter plating heatproof detachability, and conductivity. 

[0026] Next, the reason for having restricted S and O content to less than [ 0.005wt% ] is explained. Usually, into a industrial 
copper material, S and 02 grade aims at realization of the property which was excellent in ****** rare ** conjointly with the 
convention of the grain size number to which this invention mentions these contents later with the alloy content mentioned 
above with restricting strictly. S is an element which worsens hot-working nature, is specifying the content as less than 
[ 0.005wt% ]. and raises hot-working nature. It is desirable to make especially S content into less than [ 0.002wt% ]. Mg oxidizes 
that the content is more than 0.005wt%. and, as for O, bending nature deteriorates. It is desirable less than [ 0.005wt% ] and to 
make O content into less than [ 0.002wt% ] especially. Although contained in many cases in the usual copper system material at 
the minute amount, S and O which were explained above were important especially in the copper alloy of this invention, and the 
property excellent in specifying the content is acquired, and they found out realizing the suitable property for a terminal and the 
charge of connector material. 
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[0027] In the composition of the copper alloy of this invention mentioned above, in order to realize the property suitably, it is 
required for a grain size number to exceed 1 micrometer and to set to 25 micrometers or less. In a recrystallized structure, it is 
it easy to change with a mixed grain size that a grain size number is 1 micrometer or less, and a stress relaxation characteristic 
declines at the same time bending nature falls. Conversely, even if a grain size number grows exceeding 25 micrometers, it has a 
bad influence on bending nature. Therefore, a grain size number needs to exceed 1 micrometer and needs to adjust it to 25 
micrometers or less. 

[0028] Subsequently, the manufacturing method of the copper alloy of this invention is explained. Cold working, for example, 
after cold-rolling, the copper alloy of this invention heat-treats the making it solution-ize with recrystallization purpose, and 
quenches immediately. Moreover, an aging treatment is performed if needed. In order to exceed 1 micrometer and to adjust the 
grain size number in the copper alloy of this invention to the range of 25 micrometers or less, it is necessary to control the 
conditions of recrystallization processing in detail. Heat treatment at the temperature of less than 700 degrees C tends to serve 
as a mixed grain size, and in the temperature exceeding 920 degrees C, since crystal grain tends to grow big and rough, it 
performs recrystallization processing at 700-920 degrees C after cold working. Moreover, a cooling rate is quick as much as 
possible, and it is desirable to cool at 10 degrees C/s or more in speed. 

[0029] Next, about the conditions of aging heat treatment, the amount of precipitation hardening is inadequate in aging 
temperature being less than 420 degrees C, and sufficient property cannot be pulled out. Conversely, if it processes at the 
temperature exceeding 550 degrees C, a deposit phase will grow big and rough and not only intensity falls, but it will reduce a 
stress relaxation characteristic. Therefore, aging-treatment temperature was made into 420-550 degrees C. Furthermore, it 
turns out that a stress relaxation characteristic receives influence in the state of a deposit phase greatly, and they are the best 
conditions near [ where aging intensity shows a peak ] the temperature. On the other hand, as for bending nature, it is desirable 
for aging intensity to heat-treat by the overaging side a little from the temperature which shows a peak. Processing at 460-530 
degrees C is preferably the optimal from such a viewpoint. 

[0030] Moreover, after performing recrystallization processing (solution-izing) at 700-920 degrees C after cold working and 
performing cold working (25% or less) further, an aging treatment is performed at 420-550 degrees C. Although the aging 
treatment was immediately performed after solution-izing in the example described later, it is also effective between solution- 
izing and aging to perform cold working. In this case, processing of 25% or less of reduction of area which does not degrade 
bending nature is desirable. Moreover, after performing recrystallization processing (solution-izing) at 700-920 degrees C after 
cold working and performing an aging treatment at cold working (25% or less) and 420-550 degrees C, 25 more% or less of cold 
working and low temperature annealing are performed. Thus, you may perform cold working after an aging treatment. In this 
case, in order not to degrade the bending nature which is the feature of this invention, processing of 25% or less of reduction of 
area is desirable. Furthermore, when performing cold working after the above-mentioned aging treatment, performing annealing 
at low temperature comparatively after that is recommended. In performing this annealing by batch-type annealing, when . 
annealing between 0.5-5hr and ** performs at the temperature of 250-400 degrees C, it is desirable to carry out on conditions 
(5-60s) with the temperature of 600-800 degrees C. This annealing carries out the rearrangement of the transposition 
introduced by cold working, and has the operation which suppresses movement of transposition as a result. Therefore, when the 
above-mentioned cold working is performed, a stress relaxation characteristic can be improved by annealing. You may correct a 
tension leveler, roller BERA. etc. before the last heat treatment or to the back if needed. 
[0031] 

[Embodiments of the Invention] The copper alloy of this invention has the outstanding mechanical strength, bending nature, a 
stress relaxation characteristic, Sn plating detachability, punching nature, etc.. is equipped with the property for which general 
electrical conducting materials, such as a terminal and connector material, switch material, and relay material, etc. are asked 
especially, and explains it in detail according to an example. 
[0032] 

[Example 1] The 1st example of this invention is shown in Tables 1-6, and it explains. Alloy composition of the example of this 
invention. Table 2, and Table 3 are alloy composition of the example of comparison, and the conventional example, and, in the 
property of the example alloy of this invention. Table 5, and Table 6, Table 4 shows [ Table 1 ] the property of the alloy of the 
example of comparison, and the conventional example. In addition, the arrow of front Naka shows the same thing as the upper 
column, and the proof stress value of (*) is low, and since it caused plastic deformation in the sample set stage, it carries out a 
test stop. 

[0033] First, with the RF fusion furnace, the alloy of the composition described in Table 1-3 was dissolved, and it cast with the 
cooling rate of 6 degrees C/s. The size of an ingot is 150mm in the thickness of 30mm. width of face of 100mm, and length. 
Next, since these ingots were hot-rolled at 900 degrees C, it cooled promptly. In order to remove a surface oxide film, after 
carrying out facing to 9mm in thickness. 0.25mm in thickness was processed with cold rolling. Then, the making a test specimen 
solution-ize with recrystallization purpose, heat treatment for 30s was performed at 750 degrees C, and it quenched with the 
cooling rate of 15 degrees C/s or more immediately. The aging treatment performed heat treatment of 515 degree-Cx 2 hours 
in the inert atmosphere, and was taken as the material with which an examination is presented. 

[0034] It sampled from the manufactured material, the grain size number was measured, and various characterization of fracture 
surface (%) and a ratio, and a barricade (micrometer) was performed as TS(tensile strength)N/mm2, El(elongation) %. EC 
(conductivity) %IACS. bending nature, S.R.R(rate of stress relaxation) %. Sn plating detachability. and punching nature. 
[0035] The grain size number, i.e.. the size of crystal grain, observed by using a comparison method and an intercept method 
together according to JISH0501. In the comparison method, microscope observation (75 times or 200 times) was carried out, 
and the test piece was measured. At the intercept method, it measured in the board thickness cross section parallel to the 
processing direction. Tensile strength is JISZ2241 and measured conductivity as a value which shows the conductivity of heat 
and the electrical and electric equipment according to JISH0505. 

[0036] As for evaluation of bending nature, the inside bend radius performed 180-degree adhesion bending of OR. the index of 
evaluation — A. wrinkling — there is nothing — fitness B. — C. by which a small wrinkling is observed — D. which has not 
resulted in the crack although a big wrinkling is observed — E. by which a detailed crack is observed — it evaluated in 
observing [ a crack ]- clearly 5 stage, and more than the evaluation C was judged to be the level which is satisfactory practically 

[0037] Evaluation of a stress relaxation characteristic was performed based on EMAS-3003 which are the JEOL material 
Semiconductor Equipment & Materials International standard. The ****** block formula was adopted here, load stress was set 
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up so that 450Ns /of surface maximum stress might be set to 2 mm, and it examined by the 150-degree C thermostat. The rate 
of relief after tOOOhr examinations (S. R.R) showed to Table 4-6. 

[0038] The ****** block sequence of the test method of stress relaxation is shown in drawing 1 (a), (b), and (c). It is a 
perspective diagram and (b) is a side elevation, and drawing 1 (a) supports one side of a sample (1) by the attachment 
component (3) to a pedestal (2) at support-at-one-end ******. and changes another side into the state where it was distorted 
to the sample (1) with a block (4). and deltao (initial deflection variation rate) was given. Predetermined-time (this example 1000 
hKs)) heating of the sample (1) is carried out in this state at 150 degrees C. As shown in the side elevation of drawing..! (c) 
after predetermined-time progress, distortion deltat (permanent deflection variation rate) in the state where the block (4) was 
removed was measured, and it asked for the rate of stress relaxation (%) by the following formula. 

rate (%) of stress relaxation =(deltat/deltao) x100 — in addition — initial deflection — a variation rate is calculated from 
Young's modulus, board thickness, etc. so that surface maximum stress may become a predetermined value (450N/mm2) (the 
calculation method is based on EMAS-3003) 

[0039] The heating detachability of Sn plating evaluated plating ablation of the portion by viewing, after carrying out air heating 
of 150 degree-Cx 1000 hours for the test piece which gave 1 -micrometer gloss Sn plating, and it carried out 180 adhesion 
bending and bend return. When ablation of solder was accepted, it was described in Tables 4-6 as "**." 

[0040] Punching nature was investigated by examining by piercing with metal mold (product made from SKD1 1) (a 1mmx5mm 
square hole being prepared). And the punching side of the sample extracted from a part for the 5001st time to the 10000th 
punching at random 20 pieces was observed, and the thickness of the fracture section was measured. The average of the rate 
of the thickness of the fracture section to the thickness of a test piece is shown in Tables 4-6 by % display (it is displayed as 
FAR in front Naka). The height of the barricade of the sample similarly extracted from the 5001st time to the 10000th punching 
portion at random 20 pieces was found with the contact process configuration measurement machine also about barricade 
measurement, and the average was indicated to the table. 
[Table 1] 
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[0041] It turns out that the examples 1-21 of this invention show the property which was excellent in all of the various 
properties of TS (tensile strength). El (elongation), EC (conductivity), bending nature, S.R.R (rate of stress relaxation), Sn plating 
detachability, and punching nature so that clearly from Table 4. 

[0042] On the other hand, the target intensity is not obtained but punching processability is also inferior in example No.of 
comparison 22 with few amounts of nickel-Si as compared with other materials. Conversely, although there was no difference in 
respect of intensity as compared with example No.of this invention 4 with little example No.of comparison 23 in the amount of 
nickel-Si with many amounts of nickel-Si, bending nature showed the degradation inclination. That is, since bending nature is 
inferior, it is unsuitable as a terminal and an object for connectors to add nickel-Si more than the amount specified by this 
invention. 

[0043] Example No.of comparison 24 with few additions of Mg are sharply inferior in the stress relaxation characteristic as 
compared with No.2 of the example of this invention, and No.5. Example No.of comparison 25 are inferior to example No.of this 
invention 6, and No.7 by the same reason as this, even if this adds Sn independently into the conventional Cu-nickel-Si alloy 
(conventional example No.42), it shows that the big improvement effect is not expectable in a stress relaxation characteristic, 
and is in agreement in the property of the conventional Cu-nickel-Si alloy containing Sn (conventional example No.43) 
[0044] As for example No.of comparison 26 whose addition of Mg is more than the amount of conventions of this invention, 
bending nature has deteriorated. This is unsuitable as a terminal and connector material. Zn which can improve bending nature a 
litUe more than 1wt% — even if it added, good bending nature was not securable Example No.of comparison 27 with few 
additions of Sn are inferior in respect of the stress relaxation characteristic as compared with No.2 of the example of this 
invention. Conversely, example No.of comparison 28 with many additions of Sn were one of the composition which showed the 
stress relaxation characteristic which was most excellent in in having performed the effect of Mg, a phase ball, and this time 
manufacture. However, conductivity becomes the lowest and it cannot be said that it excels in balance. Conductivity becomes 
low and example No.of comparison 29 with many additions of Zn are not excellent in property balance. 

[0045] The Fe-Si compound generated so much example No.of comparison 30 whose addition of Fe is more than the amount of 
conventions, and the amount of precipitation hardening not only fell, but they had the bad influence on bending nature. Example 
No.of comparison 31 which made [ many ] the addition of Pb produced the crack during hot working, and were not able to 
manufacture it normally. In addition, the crack arose at the time of hot working, and example No.of comparison 32 which have S 
out of this invention range were not able to perform subsequent characterization. Moreover, the oxide of Mg was generating 
[ O ] many example No.of comparison 33. and bending nature deteriorated. 

[0046] Example No.of comparison 34 performed annealing for making it recrystallize in 680 degree-Cx30s. Consequently, 
average crystal grain is 1 micrometer or less, and became the organization where comparatively big crystal grain and small 
crystal grain are intermingled. Depending on the place which extracts the test piece which performs bending nature, a result 
which produces a crack was brought for the uneven organization. On the contrary, since example No.of comparison 35 heat- 
treated in 930 degree-Cx30s. crystal grain was set to about 30 micrometers. Since it became big and rough crystal grain, it not 
only has a bad influence on bending nature, but the stress relaxation characteristic declined a little. 

[0047] Moreover, example No.of comparison36-No.41 are the example of comparison which added elements other than Sn into 
the Cu-nickel-SKMg-Zn alloy. Any [ these ] stress relaxation characteristic of an alloy is a stress relaxation characteristic of 
the same grade as example No.of comparison 27 with few additions of Sn. and it turns out that addition of these elements 
hardly contributes to stress relaxation. 

[0048] Next, if it sees about the alloy which exists from the former, conventional example No.42 are an Cu-nickel-Si alloy, and 
other alloying elements are not contained. In this case, since a stress relaxation characteristic does not contain the point which 
is not good, and Zn. a problem is in the heating detachability of Sn plating. Conventional example No.43 are as point ** the 
material which added Sn and Zn into the Cu-nickel-Si system alloy. Although the heating detachability of Sn plating improves, 
the stress relaxation characteristic is equivalent to conventional example No.41, and inadequate. 

[0049] No.44 are the material which added Mg and aimed at the improvement of a stress relaxation characteristic. Although the 
stress relaxation characteristic improves according to the effect of Mg. a problem is in bending nature. In order to obtain a 
stress relaxation characteristic equivalent to these conventional example No.44, and good bending nature, it is attained by 
reducing the amount of Mg. adding Sn like example No.of this invention 2. and adding Zn which improves bending nature further. 
The heating detachability of Sn plating is also improved according to the Zn addition effect. 
[0050] 

[Example 2] Table 7 and Table 8 explain the 2nd example of this invention. As the alloy which consists of composition of 
example No.of this invention 2 shown in the above-mentioned example 1 is manufactured at the process depended table 7 and 
is shown in Table 8. the 2nd example Various characterization of FAR. and a (%) and a barricade (micrometer) was performed 
as TS(tensile strength)N/mm2. El(elongation) %. EC(conductivity) %IACS, bending nature, S.R.R(rate of stress relaxation) %. Sn 
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plating detachability, and punching nature. The evaluation method is the same as that of an example 1 . 
[Table 7] 
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Table 8] 
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[0051] Each example No.of this invention45-No.53 which is the alloy manufactured at the process of the example of this 
invention showed the outstanding property so that clearly from Table 7 and Table 8. However, example No.of comparison 54 had 
low heat treatment temperature, crystal grain was not uniform as a result, and bending nature deteriorated. Since example No.of 
comparison 55 heat-treated in 930 degree-Cx30s. crystal grain was set to about 30 micrometers. Since it was big and rough 
crystal grain, it not only has a bad influence on bending nature, but the stress relaxation characteristic declined a little. 
[0052] Example No.of comparison 56 had low aging temperature, and the inadequate hatchet strength property deteriorated 
[ the deposit]. The stress relaxation characteristic also declined sharply simultaneously. Conversely. No.57 had high aging 
temperature, and since the sludge turned big and rough, the stress relaxation characteristic declined sharply. Example No.of 
comparison 58 are the example which performed cold working by the above working ratio specified by this invention after aging. 
Although the stress relaxation characteristic was excellent rather, bending nature fell. Although the rate of cold working after 
aging of example No.of comparison 59 is not high, ft is the example which did not perform the postheat treatment. Elongation is 
low and not only bending nature fell, but the stress relaxation characteristic declined a little. 
[0053] 
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[Effect of the Invention] As described above, the copper alloy of this invention deposits the compound of nickel and Si in Cu 
matrix, and does so the effect that the copper alloy which combines the outstanding mechanical property, conductivity, a stress 
relaxation characteristic, and bending nature is obtained. Sn. Mg. or by having carried out the amount addition of specification of 
the Zn further, having restricted S and O content, and having exceeded 1 micrometer and having set the grain size number to 
25 micrometers or less. Since it excels in intensity, conductivity and a stress relaxation characteristic, and a bending moldability 
and excels also in the heating-proof detachability of Sn plating, or punching nature as a terminal and an object for connectors 
especially, it can respond to small and highly-efficient-izing which are an inclination in recent years suitably. Moreover, although 
this invention is suitable for a terminal and a connector use, the effect of offering a copper alloy suitable also as general 
electrical conducting materials, such as a switch and relay material, is done so. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing explaining the examination of the stress relaxation of this invention example 
[Description of Notations] 

1 Sample 

2 Pedestal 

3 Attachment Component 

4 Block 
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DRAWINGS 



[Drawing 1] 
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(57) [gift] 

M^iUNi41. 0-3. 5wt 
Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 2 0wt%, Sn£0. 05-1. 5wt%gA. 

s . o^rs^n-eno . o o 5 w t %^mt,cmm. 

Ct^WSH^ffl* 7 0 0-9 20 "CTtf ^ fc©-C*-5. 
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1 

[rl*Bl] i^iLTNi^l. 0-3. 5wt 
%, Si£0. 2-0. 9wt%. Mg*0. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%^, 

s. o^wfi^-en^no. o o 5 w t %^micmm 

[tt*S23 iS^iltNi^l. 0-3. 5wt 

Si^O. 2-0. 9wt%. Mg^O. 01- 10 
0. 20wt%. Sn40. 05 — 1. 5wt%. Zn 

£o. 2-1. 5wt%$^ s. o^?ra£-e*i-eft 

0 . 0 0 5 w t "/oJiffilcMm. L/, gISBC u SC^FbJjSW 
^»>e>& 0 . ^©MH&JK* 5 1 v m&MZ. 2 bum 

[1)1*113 3 W*JIlXW2{Ciei£©ai-^#(C. 3 6 
{CO. 0 0 5 — 0. 3wt%Ag. 0. 01—0. 5w 
t%Mn, -en^tlO. 005 — 0. 2wt%OFe, 
Cr, 0. 05-2. Owt%Co, 0. 005-0. 

0. 00 5wt%-2. 0 w t%Stst£%mWl£?2> 

fCO. 0 0 5 — 0. lwt%Pb. 0. 005 — 0. 0 
3wtBi©llSfcB2S^irO. 0 0 5-0. 

i 3 w t %^tfCi£#m<tTr zmmmztemm^s.. 

[fi*JB5] !«*JiUXtt2lCiBiS©81£-£fC» S<E> 
(CO. 0 0 5 — 0. 3wt«Ag, 0. 01—0. 5w 
t%Mn, -en-eno. 005-0. 2wt%©Fe. 
Cr, 0. 05—2. Owt%Co. 0. 0 05—0. 30 

i w t%p©t*i/6ie>)itfnia$?c»2®jj<±, so* 

0. 00 5-0. lwt%Pb, 0. 005-0. 03 
wtBiOHSfcli2i^lT0. 0 0 5wt%- 

2. owt%^i3ztz&w.t?&mmmttimm& 

[ mxm 7 ] ^mminkicnmp^m^ 700-92 
0 °cr?f ^ci i -r 1 nm. e ©1, >-rn#> 40 

{cie«g©«mtt«*affliH-&^©Ki&75rffi 0 
[ 8 ] m*DIf^(cS*S^S^ 7 0 0-9 2 

Q'Ctff-otc&lC. 4 2 0 — 5 5 O'CVm^Sm^r 5 

im^M 9 ] ftmtoJMicwmgMmz 700-92 

0'CT?m>, ?e>tC2 5%OT©i^»DX^tfo/c;^ 

ic. 420-550 'cvmmmzft ^ct %&mt -r 
zm?m 1 7bM6©u-rnaHttei£©®iii4tffcffl£i-£ 

^©^jS^jS. 50 
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[ fltaag 1 0 ] ttfflMJ.'&immn.temz 700-9 

2 0 "CTif IK 2 5 %JWT©^r B WnX> 4 2 0-5 
5 0 'CfO^MI -5 ?d£tC . 3 6 &C 2 5 % JilT© 

1 ©^rti*>{ciat!4©^Stt«*afflii3^#©S[S 
[0 00 1 ] 

^^©Sifi^ffitcraL. ^(cigKP- 3* 
CO 00 2 3 

ifl££*m>6*i, Cu-Zn^, W&iftK&ti/c 
Cu-FefS4, Cu-Snl^i^<^>6nt 

iSI$f ©ffl«TB$i&C u - Z 
^#£<ffiffl3*rtl>&#. fi^©g«l*«^. =»* 
^ 5? -a/Mft^^fl < > Sfcx >e> >;u- Art & 
£©&&&ig^t£5 6 3*i£ia£#^/c«> > Cu-Z 
n3?i^&-m£-k.^©C£> Cu-Fel^4, Cu 
- S n *>»(&ffi*J6: < T #T (, » £©#«»« 

[0 00 3 3 cciMc. OWBSnro-SSSEKD^btc 

IKftotSWS. fi©j:^%ffiji«:^ffi3nSM 

fD*itfo#te. ^-«^©e^tt. i&miuxi4#mg& 

[0 00 4 3 Cti6©^U^S^$tt*?®fc-r«IStt^ 
ilt, Cu-Ni-Sif^agSntfef). 0f 

iu*. ^bs6 1-1278 4 2 ^£3g#&ie>ftri,> 

tl^^-x4giF©i?^(iI»^2mm-C*>.2>0 9 0^*>6 
#J1 mm-CW0 4 Oi^^/hSHbStlSi. ;"f*8fl© 
1 mmigt* 9 . C ©«fc 5 fcgUS^MfbStlS 

fc. /J^b{cwaur^*^giJ-c©Si^?felK^tt«-r-5/c 
^©»jS5c^>^<©i^/j:$nTC^*5. * 

r*so, se*©cu - n i - s i vizm-ftiuc? 5 v t> 
*ftcs«te^i>. is^w^ttfepiii-cAo. tm 

(cg#$ n*^©*^:. «fflil^©iSfSfb(c i 0 St* 
©C u - N i — S i ^^-C{iSB$ra©<gffl«^Plte^ 

[0 00 53 C ©«fc 9 JStt?«T. mfcB6*»?Dl$tt* 



3 

BS6 1 - 2 5 0 1 3 4^$R S ^i¥5-5 9468^ 
iDllfcWWfcU 18 0' «H*6/K:H«*»tt^*><0 

r & D a ft* a * * 3r - & irccffifflf 4 cc « ft flnxtt 

[0 00 6] 
[0 00 7] 

fttSfcOT, i^iLTNi^l. 0-3. 5wt 
%, Si£0. 2 — 0. 9wt%, Mg^O. 0 1- 

0. 20wt%, Sn^O. 05-1. 5wt%t^ 

s, o^wa^-en^tio. o o 5 w t %5kmitfflm. 

St flitfO; 2%*StOZn*^»lLrfelll/^tt 

1. 0-3. 5wt%, Si^O. 2-0. 9wt% 
Mg^O. 01—0. 20wt%, Sn£0. 0 5 — 
1. 5wt% Zn£0. 2-1. 5wt%^, S, 

o^Wfi^^n-eno . o o 5 w t %»$iu ££ 

jitm^ii 2 5 um«K*^Ci^it^iS 

[0008] *lBSBtt* ±ffi<D«££fc* £*e>k: 

As, Mn, Fe, Cr, Co, P^^StftilS 
*tett2«feUt*3»MrO. 0 0 5wt%-2. Owt 

^iUNi^l, 0-3. 5wt%, Si40, 2 
-0. 9wt%, Mg^O. 01-0. 20wt%, S 
n£0. 05-1. 5wt%^, 36&C0, 0 05- 
0. 3wt%Ag, 0. 01-0. 5wt%Mn, 
^tlO. 0 05—0. 2wt%<DFe, Cr, 0. 05 
— 2. Owt%Co. 0. 0 0 5-0. lwt%P(D* 
*6»tfni«*fc«2«feLh*««'C0. 0 0 5wt 

%-2. owtm s, o^ws^-en-eno. o 
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0 5 w t %5tmttfflm U £gSBC u aoq^ilOOTTOR 
2>>6 & 9 , *C!>JSSeS3&s 1 m m 25m m«Tt 

fc, 4fiS»iltNi*L 0-3. 5wt% Si* 

0. 2-0. 9wt%, Mg^O. 01-0. 20wt 
Sn£0. 05-1. 5wt% Zn£0. 2 — 

1. 5wt%§^ £6&C0. 005-0. 3wt°/oA 
0. 0 1—0. 5wt%Mn, WnO. 005 

— 0. 2wt°/o(DFe, Cr, 0. 05 — 2. 0wt% 
10 Co, 0. 00 5-0. 1 w t %P©ip*>6a«*ll« 
*fc»2«KLk*tt«rO. 0 0 5wt%-2. Owt 
X**, S, OS«»**Wno. 00 5wt%*il 

ttftttKWl mn*«iL2 5/imJHT"C*SC<b*4*« 

[0 00 9 ] *»Wtt. ±WD»&2feK:> 3 6K 

pb, b ioia*/c«2a%*ssT0. 005-0. 

1 3 w t «*t? C i*»«iT4«^r*S. JU*W 
CC« % ifiSc^iltN i*l. 0-3. 5wt% Si 
20 *0. 2 — 0. 9wt% Mg£0. 01—0. 20w 
t%, Sn^O, 05-1. 5wtm 3*>&t0. 
00 5-0. lwt%Pb, 0. 00 5-0. 0 3wt 

Bioiaifci^a^ito. 005—0. i3w 
t%&»* s. o^ws^-en^no. oo5wt°/ 0 * 

TNi*l. 0-3. 5wt% Si£0. 2-0. 9 
wt% Mg?:0. 01-0. 20wt% Sn40. 
30 05-1. 5wt%, ZniO, 2-1. 5wt%^ 
36K0. 00 5 — 0. lwt%Pb, 0. 005 
-0. 0 3wt B i <D I mttcte 2 mZM&XrO. 0 0 

5-0. i3wt%^, s, o^rmsr^n-etio. 
o o 5 w t k^wcmru gisuc umf^&mm 

tfafrhU 0 , ^<D*£HteK# 1 M ni^ix. 2 5m mttT 

[0010] i/c ±IB©iB^«: % 3 fctcA fir , M 
n, Fe, Cr, Co, P0W>e>Itfnii*/c«2 
«6LL RtfPb, Bi©li*kB2l*HltO. 
40 0 0 5wt%-2. Owt%^Ci^aitSa^ 
&V$>2> a =R{*WtCJ4* ±^<bltNi41. 0- 
3. 5wt%, Si*0. 2 — 0. 9wt%, Mg* 
0. 01—0. 20wt%, Sn^O. 05 — 1. 5w 
t%^&. S6CC0. 0 0 5 — 0. 3wt%Ag v 0. 
01-0. 5wt%Mru -eti^nO. 005-0. 2 
wt%<DFe, Cr, 0. 05 — 2. 0wt%Co v 
0. 0 0 5-0. 1 w t%P(D4^6i§tfftl«£fcte 
2«J^±, a^O. 0 05—0. lwt%Pb, 0. 0 
05-0. 03wtBi©llite«2i4ttltO. 

so oo5wt%-2. owtm s, o^s^-en 



5 

■ettO. 0 0 5wt%*SiSK:f!Hj|!gU JSSBCu&O'^ 
®#PF*Mijrt>6& *) „ ^(DlfcMMmi 1 ju m^rJi^. 2 5 
m m felTt? * h C L 1 1 & «Stttf tafflW^r 
£>•£>. £fc. is^il/tN i * 1 . 0-3. 5wt 
%. Si£0. 2-0. 9wt%. Mg^O. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 
£0. 2-1. 5wt%§*. £6«c0. 005-0. 
3wt%Ag, 0. 0 1-0. 5wt%Mn. Ztl^tl 
0. 00 5 — 0. 2wt%0Fe, Cr, 0. 0 5 — 
2. Owt%Co, 0. 0 05-0. lwt%POif^ 

hMittii mztcitzm&Li.. RCKO. 0 0 5~0. 1 

wt%Pb. 0. 00 5-0. 03wtBi©li^fc 
5i2S^S"CO. 0 0 5wt%— 2. Owt%^, 

s . o^wa^-eh-en o . ooswt %*afc*URg 
[ooi i ] *fc. *«w©±E«6*{*. jb?-. 

Mr&tC!USfi«ia & 7 0 0-920 'C^tr 5 C £ 

»MilIIffttt:S*Sa*!HI* 7 0 0-920 -c-ctf 

tC. 4 2 0-5 5 0'Ct?B*^a4tf ^Ci*#ili-r 

&(Cf9t£A«B« 7 0 0-92 0 "C-Ctft*. 3 2 5 
9<«T©teHftH*fT-3 fcSKc . 4 2 0-550 °CT'^ 

Shmmzij s c t*%m.t ?&&*&<*&£}&&&©» 

0-92 0 trrff l». 3Cfc 2 5 %OT©^M»PX, 4 2 
0 — 5 5 0 •C-C©B$$»MH£fT itcmc. <*6«t2 5% 

#«tt«taflHB££©«ii#ffi'C**. 
[0012] 

«atawwi*^rrs«^«:. sn. m?, zn«we 

«*JOU S, OMMIWLt. ^oMSefi^ 1 
/im4ix.2 5 ttrntiTi LTj£;ft®*nf^4fttfflnX 

[0013] WT«:*»P©«^<DnaE»IH301ft*« 
"PITS. CufcNitSi *$W3#5tN i - S i it 

rSj±3#^>^©-C*-5»o NiSAU. Owt%*?iS-e& 
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Nit*53. 5wt%£*i;S.*<!:8Si£. fcUfflflDX^KSSi 
&c£tf-C$&l>t2*>>)£>. S&WflDXtt ftcfflnxttK 

«>»i».*-^it.4c4{ca*. s ifi«wm-r^N i 4 

S i (Dit&MW i 2 S i ffi-C&6 4^6n-5/caf>. 

n i «*9B&r&i»aas i s i a 

#0. 2wt%*i?*5iNiSi!^>tSti8 

0. 9wtK*iH*.S4*t>N i«J&*£t>»£4H«© 
10 Bffl*»±-r*. »*l/<tt. Ni*l. 7-2. 8wt 
%. Si£0. 4 — 0. 7 w t%«CpiSr4C43&Ja* 

[0014]Mg, S ntt^&BOfte&fetttt-f&S 
fttfMXttKttM»«£:Rt3:-r. fctlMfQ 

#tt©»Mtt»6tt. 0 . 0 1 w t %«±r^Wfi«^t* 

»-C*4. C©J:5«cHj&*»6. Mg©HrW$5B«0. 
0 1-0. 20wt%fCtel>T.S»fr^7>*£7Kr. 

fttf Mxtt©«*3{p e-j^wifcLoMg ®£ttff ebb. 
0. 0 1-0. iwt°/»m. 

[00 15J36CC. SnmSCiKiO, 
tttf JDItt*« o fc * * . «fc D * 

£WT&*>©©. *©A^»:Mfft2£:*» <&(.>#. M 

g t«5«:i«i«L*orfi»*«tt^9>xt7n-r«>© 

30 r&S, Sn*l. 5wt%*iittWT54 l US 
Cflt»©e*tt#3(MfcU *ffl±WH**fc-T. SnS 
*i(JMgiiOiia^>*)*5Ai, 0. 0 5-1. 5 
wt«-ClMTtt#tt-'<5>^J&^-r. JlfltfliCtt. Mg 
0 1-0. 0 5wt%©»^Ktt, SnBO. 8 
-1. 5wt%#$T$L<> MgldiO. 0 5-0. 1 
wt %©*§•£«:»» SnBO. 0 5-0. 8wt%iW 

[0016] Z nlttEftltfllttttK^L&tnP. ft If 
JjOXl4*&#-r<5t: 4 Zn£0. 2-1.5 
40 wtX. *72t/<tt0. 3-1. 0wtX4«t4Ct 
fC<t 0. Mg£g*0. 2 Ow tKSJ-CdWS-BTTfcas 

-'✓a>«tt*i»t1-43t»4«l. tT%tt#»lXtt* 
*#-T5ffffl4>WU. Hffl±©S*>6Zn?:0. 2w 
tX. »JL<BO. 3w t%lil±^W3i±SC4^a 
3E0C>„ JT^a^»nXl4*K#^S7C«<tLTtt. P 
b, Bi *s&£#s. Pb> B i itPMlcmfiQ-T Z> t&ffl 

ttxi&fciB#r z n i*«att«:.wB»*aci s r 
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-tChUM** • ^©gitt?r#Sl/, 1 . 5 w 
t%. *?*0<W:l. Owt%fW. #^&6{&l 

[00 17]«±. Mg, Sn. Z n CD^ftJlBH^K^ 
l//cfflfi£fftzBL/fc#s. Ctt6©7C*©PB£«8HPVe^ 
fteh&*#«*<t^£t£«»£b<ft^o ^ffl±. 
St>^^>X©^»^Wfi©©H{*> Mg : 0. 0 5 
— 0. 15wt%, Sn:0. 2-0. 5wt%. Z 
n : 0. 3-0. 8wt%t$i5. 10 
[00 181XK, Ag, Mn. Fe, Cr, Co. P 
©^WS<Dt5ffl?:I!M^U/'ca*=&^-ra o Ag, M 
n. Fe. Cr. Co. Ptt. JH]Itt£Hfc#-rS it* 9 
j$rS{K©$tB£WLTl>S&©-C&9. Ag. Mn. 
Fe. Cr. Co. POtpfrhMimi Sifc«2f« 
±5:0. 0 0 5wt%-2. 0 w t%#^T$trSfe©-C 

[00 19] Agtt. Wl!ltt*±tf. 5tK*±#2tirS 

-rZCt&TZZo Wk£>). Cu-N i -S 20 

Itl >#t,fc4> ©-£'£>£„ $WS**0. 0 0 5 w t %5fc?i3S 
t*Sif©»5^f t jgfCO. 3wt%iKS 
WT5£#tt±©SS^«fc^4>©©. aXriSt^e 
Of, Ag©i®Mi«0. 0 0 5-0. 3wt%t 30 
£t)1ft£b<U0. 00 5-0. lwt%X$> 

■So 

[oo2o]Mn». ^m^±n$^^tm^ictmm 
it±£##Tr o. o i wt 

£^©?jwi#^s< . o. 5wt%4imfit 

fi^tt^fbS •£•*>. <fcoTMn©*®^r$6B«. 
0. 0 1-0. 5wt%r&9. J;D»SL<ttO. 0 
3 — 0. 3wt%7*5. 

[002 1 ] Fe, CrB. S i ife^L. Fe-Si 40 
C r - S i fb^^JKl^SDSrX^S-fiS. 

£ 0 Fe-Si itSm. C r - S i it&MttffiBimtm 

ifi'£\tb-C<Z>. enseal?.. Fe. CriM 

•r-5.i#&©^pa«. o. 005-0. 2wt%t?* 

0. «fc*)5f2 L/<«0. 005 — 0. lwt%tM. 
[0 0 2 2 ] C o«. N i iPMtKS i titSmZB®, 50 
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I/. ««W5fia*tSl±3-tf ■S. Cott, NiJttfcUSflB 
T'&Sfcifc. #?PJT8:C u - N i - S i ^^5r^Jffi 
LrC^S^. hftJtCf*3ft-S©-C#>;h«. Cu-C 
o-S i^Cu-N i - Co-S i^MtTfel 
l». Cu-Co -S i ^ttBS^mSif/cit^K. Cu 
-N i - S i^J:D^«09^ie. 

tcfcwwa-c**. */c c o - s i it^mimmmittt 

8S»lff«, 0. 0 5-2. 0wt%-C#&„ 
[0 02 3] Pti. »K*±WS«*£PBI$K3Mltt& 
&*f£$)m£*tr£„ i£fi©SWfcM$Wf)TtH£Stlfib 

rffltffli)il4£ffiT;*-tf£. «fcr>TP£asfti-rs»£© 

gjS^ff$5B«, 0. 0 0 5 — 0. lv/t%X'Ob<0. 
r)£r£L<«0. 00 5 — 0. 0 5wt%T*5. Cft 

6*2aw±i^NF(c^jun-r-s»^K:«. **e»ns^tt 
^ > ? +wi»§ijftttt. e^tt^c humv 

0. 0 0 5-2. 0wt%iL/c, 
[0024] P b . B i ©^frS©ffiB£IB5£U 

fca**ift?B-rs„ Pb. Biw. nnm^uax^&. 

a-r^fe©"C. Pb. Bi©lf*fci*2i5r0. 00 
5-0. 13wt%MfSfc©r*5 0 PMJJT^Jfe 

o . o o 5 w t %^mxh s ± mmtmn^te < . 

0 . 1 w t %£M;tTj^nT££^Pi8»I14£ffiT;*ti: 
£«;fc9-C&<. ttlfMTtt£6^b;*tr&ft:«>. 0. 
00 5-0. 1 wt%*s«atife'). J;»3Sf*L/<« 
0. 00 5—0. 05wt%-C&£„ B i ^fT^S^JD 

s mMjcZk-e & z . o . o o 5 w t %*m 

r&S£#14&«<$S#Vh3<, 0. 0 3wt%4«^ 

©*®^r®BW. 0. 005-0. 03wt %-c& 
9. <fc!)« : $L<»0. 0 05 — 0. 02wt%T* 

So 

[0 02 5 ] CtlhA g. Mn, Fe. Cr, Co. P 
©tp*>6ji«ft 1 mtfcit2miil±, MPb. B i © 

*-C0. 005-2. 0wt%tLfc. 
[0026]*K, S. O^**0 . 005wt%* 
mcWRls LteM&imMrZ. mis. I*Wtt«tm 
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^©SWS£0. 0 0 5wt%*li^ST5Cit l 
MJuXtt£[6]±<*1i So #tCS$WS*0. 0 0 2w 

0. 00 5 wt%fcLkr&££. Mg#®Hb3ftTfttf 

4#K0. 0 02wt%*r®CC-r^C<!:*^SLl>. WJi 
BMBLfcS. Of*. *»©ttR#»«*i«:»»<:£rt*3*i 

& •) . ^©#*rs£*i;£-r ^ci T0Enfc#t4^f e. ft 

-rzzt&m<>tcLtc<D-c$>z>. 
[0027] ±mistc*mw<Dm-&£i<Dmi&ic*s^T: . 

£«;L2 5 iimOTi-r5Ct««t?*5. ftBtftlS 

^ < . ft tf toxttASffir^- s t m mici&tiMmnmm 

m^Mi 2 5 ymfcTHciSg-f £i&g#&.5>. 
[002 8] *!%W©^^©S5[jifi6(C-our 

1 iim^2 5um&T©ffBKilS?&ft:&K:iS. 

mmamm<D^&mwcim'ir &„ ioo 
'C5km<DMm-v<mMmi*. ®b t a *» a < . 9 2 0 -c 

ra*ox^(cstss«iffi* 700-920 °crif 5 fe©r 

M. *fc. J&S«Kttffl*aA:ttJRP<. 10'C/s 

j^©ajrc»src- 5 c t *m s. 0 1 ». 

[0029] &tC. B#^^S©^#(C-5^r ». B$ft 
0. 3£^a^tt*?l*{i5-rCi*ST-^ai,\ jj?«:5 5 0 

ru^. cfc-^r. B$3»as®tt4 2 0-5 5 o*ct 
Ofc. 3e>tC«. je#itgfn#i±ttwwffl©t^«: as < 

^jaja£^AsgM*frr*^ 0 fttfjnxt4»B#jgj 

0-5 3 0 "c-c©Jttffi^«a-e$>^., 

[ 0 0 3 0 ] ^r B TOx««cs*ss^s (?g^b) 

?:7 0 0-9 2 0'CttT^ 3 6&CftBtfJtlX ( 2 5%« 

T) o /cfttc 420-550 -c-cm&i&mzft 5 6 
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10 

"tt*C>Brffi«jI>*2 5 %JWT©»nX*iM* IA>„ */c« 
$M^&Kf?«$AXUS (?§{*<b) £700-920 'C 
ftft\ toWJjnX (2 5%feTF) . 4 2 0-5 5 0"Cr 
«S«MS3*fT o fc&(C. 3 ?>(C 2 5 %J^T©^^JnX. 

Ro*®issi^if i 5fc©T , *s. c©<t^tc^©a^ 
«:»lHHiDi*JfiLrfe«t>«cc». e©«£«#»9i©» 
«"C* S ft if UDXtt^m 3 t»-fc Ofca&K . Brffi«ii>^ 

2 5%WT©»nx^a* t/^. stc, ffi&oi&tt&aft 
©toR.1flni£?T ^tl^cti. ^©mtcibtswtssr©^ 

n5t££t>Zl£> 2 5 0— 4 0 O'CWiaS-CO. 5 — 5h 
r . IkfflgimTft *) m-gtlC « 600-800 TOiggr 
5-6 0 s<D3kftTft LO, C©£££6«te 

Pe1flnX-C^A5 4l/cl£{4*SSB?'J L, . fe^WfctJfetS© 

£3t#-r£C£*ST-#£. ^(CJtvG-C*^©^SIfa 

20 [0 03 1] 

fttfSDXtt. JS^S«]!Rf14, Sn^^^JSftt, 

[0 03 2 ] 

[3i*60i i ] i ommmzm 1 - 6 (c^Li» 

*1«*^HJ0!)©^» ^2, ^3(*Jt^ 

30 ft. ^5, *6«tb^R a»w©^©^Ftt?:^-rfe 

f8.fg-VM\£mZ*mtl btctc#>t,ctWitplkLtci><DX!$> 
[0 0 3 3] S"T> Ha»«fflK*3«CT» «1-«3{CS 

rffl^©^sr^» t . ftwmm. 6 -c/ s -cm&Mc. 

m9i<D-V A X«J1? 3 0mm, (§1 0 0mm, 1 5 
Omm-C&S. ^{CCne>©«»4 9 OO-CT^MJES 
£CTa>6. ji^tC^^rff-p/Co ^ffi©S!{be«:^ 
40 *f £fc#Jf3 9mm£fffifJLT#>6, ^EESKJ: 

«3ji3o. 2 5mm(cflaxL/fc 0 c©^. mmtzmm 

gi^Wt^-tf^gWC, 7 5 0"CT*3 0s©^ffi* 
tf^. i»%(ci 5'C/sJW±©^4p^Krj^#Ati=&^ 
o^c„ B^^IiJi. ^rgtt#fflm*-C5 1 5'CX2B$fH 

[0 034] MiiL,/cM^6-»f>7'';>^t,r. 4SA 
n&ZfflfeL. TS (?l5B»J?iig) N/mm 2 . E 1 

(Wo*) %, ec mmm) % i ac s, ftiffraxtt, 

S. R. R (fc»^«I^) %. Sn^ y^ifjfatt. JT^ 

so uTfommtm (%) . ^-'j <Mm> ©ss# 



11 

[003 5] ftiiffift. W*>mM,n<D*% 3«> J I S 

ho 5 o i icmv. mm <t ®&i&&mm l nm&n -> 

fc. J:b«SferKI*iUt*aaS^«^ (7 5«*fctt2 0 

mm?mis.$:tf-?tc. gio5go?sawj i SZ224 1 
r. mmDBm'&^-tm.t c-c, «in^£j i s 

HO 5 0 5CC»DTS'J«bfc. 

[003 6] fttfflnitt©ff««, ftfl»f¥&#OR 
©180° S^fltf^fofc. 5fPffi©*§&». 
A. bto4>^<^» 

D. Mi5:i'7^«3n5 

E. Wmzf^ -rf&WgZtlZ 
cD5Smt?i¥ffit. MCJ^i^JblWaofc^U'* 

[0037] mmmimcmmu. E^n^mum 

^rB*a»*C* ^EMAS-3003 (C«fft hXVi -> 

fc 0 ce-om-^p vta&mmu* mmmxmts^ 

4 5 ON/mm 2 ^Cfi^It.^tS^U 15 

O-COmSft-CK^^f^fc. ^4~*6(C«. 100 
'Oh ritf*%0ttffl$ <S. R. R) VmUfi^ 
[003 8] &l3Wtt<Oim%&(OK&% 7V v if : m. 
OU-C. 01 (a) (b) (c) te^jrr,. Ml (a) » 
$H%B. ( b ) BMnBH~C* 0 - ( 1 ) ©— * 

EJS& ( 2 ) (Cft&aft* < 3 ) -cK»%(««:3d»L. 
^5-^0 5^ (4) «cJ:»)^>^ (l) 
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4160 X»c3f©l*IB (*J9HffCB 

looohr) flnt^-r s. wummsetA. HI (e) 

©ffi"lffi0icmf J:MC, T'P?? (4) *8*Dlfcl>fctK 

(%> BiJGStfJjcfeft:. 
i&WWD* (%) - (5t/5o) x 1 0 0 

5 ON/mm 2 ) CCtt£J:9. +>f*» tgJ?^#>6ft 

10 #-r&fc©r*a <tMW8ttEMAS-3 00 3tcJ: 

[0039] Sn^»; +©Jn?»IHJttttW» 1 y m©*iR 
Sn^»*«rJ(lLfcKIWi-*l 5 0'Cxl 0 0 

~ [0 04 0] fl^JSStttt. ^ (SKD 1 IS?) -CI7 

20 tJC^OW^fc. *l/t5 0 0 1!5|@#>6 1 00 0 00 
S©fT*i&##*>6 2 0fflM^(cffllilLfctf->7 , ;l'© 

6 ictttmftoimz ten? sotte©^ 

&*%$HfcCm? (^-CF. A. Ri*^) . vtya 

5&co<,>rkimiit, 500 immfrhi ooooaa 
©fT^Jfitgi^^e. 2 ommtt&t.tMtiibtcv-yyjuD 

[*i ] 





No 


Ni 


Si 


Mg 


Sn 


In 


S 


0 








1 


I. 5 


0.34 


0. 07 


0. 31 


0. 49 


0. 002 


0. 001 




5 




2 


I. 9 


0. 48 


0.08 


0. 30 


0.48 


0.002 


0. 001 








3 


2.5 


0. 60 


0.08 


0. 30 


0. 49 


0. 002 


0. 001 








4 


3.0 


0. 75 


0.07 


0.31 


0. 50 


0. 002 


0. 001 








5 


2.0 


0. 48 


0.04 


0. 30 


0 50 


0.002 


0. 001 








6 


1. 9 


0. 48 


0.03 


0. 85 


0.43 


0. 002 


0. 001 








7 


2.0 


0.47 


0.08 


0. 87 


0. 50 


0. 002 


0. 001 








8 


2.0 


0.46 


0. 16 


0. 29 


0. 09 


0. 002 


0. 001 








9 


2. 0 


0. 47 


0. 10 


0. 30 


1. 10 


0. 002 


o. oot 








10 


2.0 


0. 48 


0.08 


0.30 


I. 07 


0. 002 


0. 001 








!! 


L 9 


0. 46 


0.04 


0. 87 


0. 10 


0. 002 


0. 001 








12 


2. 0 


0. 48 


0.07 


0.85 


I. 10 


0.002 


0. 001 








13 


t. 5 


0.47 


0. 08 


0.33 


0.50 


0. 002 


0. 001 


CO0. 5 






14 


1. 9 


0. 48 


0. 08 


0.31 


0.49 


0. 002 


0. 001 


CoO. I 






15 


2.0 


0.48 


0.08 


0. 32 


0.49 


0. 002 


0. 001 


AgO. 03 






16 


2.0 


0. 48 


0.07 


0. 32 


0. 49 


0. 002 


0. 001 


PbO. 03 






17 


2.0 


0. 47 


0. 08 


0. 33 


0. 50 


0. 002 


0. 001 


CrO. 007 






18 


I. 9 


0. 48 


0. 07 


0. 32 


0. 48 


0. 002 


0. 001 








19 


2.0 


0. 48 


0. 06 


0. 33 


0.49 


0. 002 


0. 001 




10 




20 


2. 0 


0. 46 


0.08 


0.33 


0. 50 


0. 002 


0. 001 




15 




21 


1. 9 


0. 48 


0. 08 


0. 31 


0.50 


0. 002 


0. 001 




20 
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[*2] 





No 


Ni 


Si 




So 


In 


$ 


o 






It 


22 


0. 8 


0. 18 


0. 08 


0. 34 


0. 50 


0. 002 


0. 00 1 




5 




23 


3. 8 


0. 95 


0. 08 


0. 33 


0. 49 


0. 002 


0. 001 








24 


2. 0 


0. 47 


0. 003 


0. 33 


0. 49 


0. 002 


0. 001 








25 


2. 0 


Q. 48 


0. 002 


0. 99 


0. 50 


0. 002 


0. 001 




T 




26 


I. S 


0. 4? 


0. 25 


0. 33 


1. 25 


0. 002 


0. 001 




r 




27 


2. 0 


0. 48 


0. 08 


0. 002 


0. 50 


0. 002 


0. 001 




J. 




28 


2. 0 


0. 48 


D. 08 


2. 04 


0. 50 


0.002 


0. 001 








29 


2. f 


0. 4T 


D. 08 


0.31 


5. 09 


0.002 


0.001 




T 




30 


2.0 


0. 47 


0.07 


0.33 


0. 49 


0.002 


0.001 


Fefl. 35 






31 


1.9 


0.48 


0. 08 


0.32 


0. 48 


0.002 


0.001 


PbO. 25 






32 


1. 9 


0. 46 


0. 09 


0. 33 


0. 49 


0.011 


0.001 








33 


2.0 


0.48 


0. 08 


0. 32 


0. 50 


0.002 


0.007 








34 


2.0 


0. 47 


0. 08 


0. 31 


0. 50 


0. 0Q2 


0.001 




£1 




35 


2.0 


0.48 


0.08 


0. 32 


0. 49 


0. 002 


0.001 




30 



[*3] 





No 


Ni 


Si 


Hg 


Sn 


Zn 


S 


0 




**AtttK 




36 


2.0 


0. 47 


0. 07 


0. 002 


0. 49 


0. 002 


0. 001 


CrO. 10 


5 


it 


37 


1.9 


0.48 


0.08 


0. 001 


0. 48 


0. 002 


0. 001 


KnO. 39 






38 


2.0 


0. 48 


0. 08 


0. 002 


0. 50 


0. 002 


0. 001 


B0. 008 




« 


39 


2.0 


0. 47 


0. 08 


0.001 


0. 50 


0. 002 


0. 001 


A10. 50 






40 


2.0 


0. 48 


0. 08 


0. 001 


0. 50 


0. 002 


0. 001 


TiO. 10 






4 1 


2.0 


0. 48 


0.08 


0. 002 


0.49 


0. 002 


0. 001 


InO. 10 




ft 


42 


2.5 


0. 60 


















43 


1.9 


0. 50 




0.4 


0.9 












44 


2.7 


0. 65 


0. 17 
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15 16 




No 


TS 
N/mm z 


El 
% 


EC 
XIACS 


wj 

ftlXft 


S.R.R 
X 


SnM 








P. A. ROD 




* 


I 


610 


16 


39 


B 


22 


mmmi> 


42 


9 




z 


670 


16 


39 


B 


18 


r 


45 


6 


w 


3 


680 


15 


38 


B 


17 


t 


46 


5 


* 


680 


14 


38 


C 


17 


t 


50 


5 


5 


660 


16 


40 


B 


22 


t 


44 


7 


6 


680 


16 


33 


B 


18 


t 


46 


7 


7 


680 


15 


32 


B 


14 


t 


47 


8 


8 


670 


16 


38 


C 


14 


t 


47 


6 


9 


670 


16 


36 


B 


14 


i 


51 


4 


10 


670 


16 


37 


B 


18 


t 


50 


4 


11 


680 


IS 


33 


C 


18 


t 


41 


10 


12 


680 


15 


31 


B 


14 


t 


54 


3 


13 


710 


15 


42 


B 


15 


\ 


49 


4 


14 


700 


15 


40 


B 


16 


] 


47 


4 


15 


680 


15 


39 


B 


18 




45 


7 


16 


670 


15 


39 


B 


19 


t 


55 


2 


17 


660 


15 


41 


B 


19 


t 


45 


8 


18 


680 


14 


39 


C 


20 




46 


6 


19 


570 


16 


39 


B 


18 




44 


7 


20 


570 


16 


39 


B 


18 




41 


9 


21 


660 


13 


39 


C 


19 




39 


11 








No 


TS 


El 
% 


EC 
*IACS 


fttf 

Jnxte 


S.R.R 
% 






fc*tt 


R A. Rtt) 


n* 'J(ura) 


it 

& 

m 


22 


480 


19 


51 


A 


— (*> 




31 


19 


23 


680 


14 


38 


D 


17 




49 


4 


24 


670 


15 


40 


B 


33 




40 


11 


25 


680 


16 


32 


B 


31 




42 


11 


26 


670 


15 


! 34 


D 


13 




58 


2 


27 


670 


16 


42 


B 


! 24 




45 


5 


28 


690 


15 


23 


B 


13 




46 


6 


29 


680 


17 


29 


B 


18 




56 


2 


30 


530 


18 


43 


D 


-(0 




37 


17 


31 




32 








33 


670 


10 


40 


D 


i 23 




46 


6 


34 


680 


12 


39 


D 


! 22 


t 


45 


8 


35 


650 


9 


39 


D 


25 


t 


40 


12 
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(10) 



17 
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No 


TS 


EI 






ODD 










N/an* 




*- T SCO 


♦, n 1 - Jyf- 


ns 
70 




F. A. R (X) 


A*? (/Sim) 




36 


650 


i t 
17 




b 
D 


04 




44 


8 


Li, 


37 


570 


15 


or 

35 


n 
D 


lb 


T 


46 


7 


12 


oo 
oo 


o7U 


1 c 

Jo 


4U 


n 
D 


nr 

1 ^ 


T 


41 


11 


ISA 


oft 


670 


1 c 


do 


D | 


OO 


t 

T 


4 f 


a 
O 




>in 
**u 


DOU 


i d 




D 
D 


9ft 


l 


46 


9 




41 


680 


16 


39 


B 


24 


T 


44 


10 




42 


670 


17 


46 


B 


34 


JNMf9 


38 


13 




43 


650 


16 


38 


B 


33 




37 


13 




44 


680 


11 


44 


D 


19 




40 


11 



[0 0 4 1 ] S^rt^BJ^ftJ^C. &$miffll~~2 

ib. ts (siggo&K) . e i . ec (mm 
m) . fttfflnxi*. s. r. r (jtfe^fa^) , Sn^ 

[004 2] — N i - S i SO^^CC^b^JN o . 

2 2«, mmtirzmgLifinhti-r. ti%v&mjL&t> 

flk©W*4tit^L.T^or^-2> <> jMCCN i - S i «<D^ 20 

t»it««N o . 2 3B. n i - s i m.<jypt£^*$mm 

No. 4£^L&£©.£-CB^Bftl>#. fttfttlXtt 

©n i - s i zmm-? zttte. ftwsnxtt^sss© 

[0 04 3] Mg©»ftfflts&y>«cC>tt;««No. 2 4 
B. #ffeWJ©No. 2. No. 5<bi±!&U tt^KSffl 

1Stt#yc«K5£->Ti»*. cJ-iilajDSBbrltlSfiaiN 

0. 2 5 B^IPJit&lN o . 6, No. 7 JrOsfcoTl* 

C©t<iB. «»DCu-N i -S 30 

No. 42) tcsnzmA-emmvcb, i&jjm&m. 

0. #£*©SnA»JCu-N i -Si^t (fi£*09N 
o. 43) ©fctti-SW*. 

[0044] M g<D^JDg*5. *«W©«3e«K±*C* 

stb^WNo. 2 6«. ftifSnxifes^tDrt^. c 

ftBMHF-' a^i'^-MiL/tH^StS.S. fttfttlX 
ttSr^&^-Ci* •£ Zn^lwt %fi(±^Jn LX 

tem-frnjutimmx-ztefr-ytc. s n©^»ns*^^ 

MmMNo. 2 7B. *£f»0i|©No. 2 itbt&U 40 
fc^MftJ^tt© r> X C » & . j»(C S n ©8SflnS*s^ 
l>Jt«MNo. 2 8B. MgOMttltf), 

7 > * fticfitlt: I > -5 i Bg*. ft t >. Z n ©8SftM#^ 
^tb^WNo. 2 9fc*»^*#{g<ftD. «FtJb<5>X 
Ct&tiftU. 

[0045] F e©j3S*nS*^S«±-e*^»l:b^N 
o. 3 0«. F e-S ifb^^MtC^RO. *Tl±ii! 
<bS#ffiTLfcB#>9-Cft<. fltfttlXtt«:4>S^^ 50 



R(J L//c„ P b <D®MW.&0> < U ?abl5WN o . 3 1 B 
JMtfBJDIftctlti^D. iE^(ci^-rSCi*sa*ft 

-e©ftfe. s*5*^Bj$gffl^.cc*5tb^No. 
3 2B. ^ra»nxB$(cfiin^D. -c-o«©*sttw«i* 

if^ft^o/c„ O*i^>it®0!lNo. 3 3B. M 

[0 04 6 ] tb«?WNo. 3 4B. S*S B ^3-ti6fcJ?)© 
^6*6 8 0 -Cx 3 0 s xn ofc„ -e©^*, 
i^Bl um&CFX. tt«W**ftlgJBafti/h3ftfefttt 
«ftt5ISWife. ^)-ftffiJ8©/t«i>. ffitfJD 
X(4*n , 5l^>t ; &SHXt-'Sitf?f«cJ:orB. ^7?^ 

^T5IS^<!:fto7c„ MtC. tblS^No. 3 5B93 
0-CX3 0 sXmmm^r^tctcH>. &8£Htts&*3 
OMmifto/c tE^ftM^ift-^fc/c*. ffltfflnx 
ft«c3HIBW*R{«-«* 0 -Cft < . S^Ic.^iSffi^14 «> 

[0 04 7 ] ^/ctb^JNo. 36-No. 4 1 B. C 
u-Ni-Si -Mg-Zn^#KSnJy^©7ESR5:^ 

flni/fcib^w-cfc.?.. cn^c^rn©^©^^^ 

MSn ©^ftOS^ft^it^N 0.27 il§I?IS© 

ts^^f n^ttr $> d, cn £©7cS©^flnBf£;;*jijgfcKc 
a t ^ o ft i » c t *5«€>„ 

[0048] i^JC. fi£3fc^6??lt'r-S^{C-ot,^-r^S 
i. S^tRIN o. 42 B. Cu-Ni-Si 
0. -e©ffe©m*D7t*B$£ft-ri>ftt,>. C©i«-&. f& 
^fD#tt*s^< ftt^.i. Zn^JftWc*. Sn 
^ » +©fln^iiJ«14KM®*s*6„ fi£3^N o . 4 3 B 
5teai©i*j9. Cu-Ni-Si^(CSniZn4 
^flD hteVsUxtbh. Sn^t <D»HKUHI)lttB9ctt 5 

ntus*i, fojjmmmtim&mu o . 4i«ti5ft 

[0049] No. 44 B. Mg£SSttIL. 

mftmt&mz tit^w. *«f *nxtt«:ppijs^*a„ 

C <DW£W No. 4 4 i Pl^©{t.^«mtt i fi»ft ft 
lf/nJXtt*f#-5/c*iCB. $^WNo. 2©<t^{C. 
Mgl^rS^l/. Sn^flnb'. MJCftlf ttlXtt^^ 



Cll) 

19 

[0050] 

[mum 2] *|6WO!IS2©**««:*7. »8X&m 

No. 2©»S«>6<c*^*. 317 <fc*XfrciS[i£L 
T. &8C&j*rj:5t£. TS (9l5gO^S) N/m * 



1 1 -2 2264 1 

20 

*m 2 . ei u#oo ec mmm) %iacs, a 

IfJJlXtt, S. R. R (££83140 Sn^ ?^iS9 
ittt. JT^^^ttiLTF. A. R (%) . /*'J (m 
m) (D&fi1t1£f¥fIi£?To/c„ fMf#&»£t6Ml ip) 

[SI7] 





No 


pi *i a 50 3i 






jii&jtaX 










t:x s 








TCXhr 






45 


750X30 




515X2 


o 




No. 2£|3j£ 




46 


725X30 


t 

1 


t 

1 


T 

I 


t 


liU. lO tw | M J 


*w 


47 


ROQ X 30 


t 

1 


t 
1 


1 


t 

t 






48 


850X30 


t 

1 


t 


t 


A 


Nn 20^151 (!) 

111/. t»VJ C |*"J 




49 


900X30 


T 


t 


* 

} 


t 


No. 2t chfslU; 




50 


750X30 


t 


535X2 


t 


T 






51 


t 


20 


500X2 


t 


t 






52 


t 




515X2 


10 


276X2 






53 


t 


t 


t 


20 


350 X2 






54 


580X30 


SMIL 


515X2 


0 




No. 34 iifsj U 




55 


930X30 


T 


T 


T 


t 


no. 3strai; 




56 


750X30 


T 


400X2 


T 


t 






57 
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